Abstract. Roundness and spindle error motion measurements are two fundamental issues in the geometrical measuring techniques. Most of the fixture with rotating cylindrical shaft, cylinder defined by the minimum circumscribed axis, can be obtained the minimum circumscribed rotation surface high-precision axis. Generally, a more accurate measurement points, can result in a more accurate cylindrical shaft, but the longer the time of the calculation time. In this paper, the drawing method can handle a large number of measurement data to avoid lengthy and complicated calculations, and can quickly obtain the minimum circumscribed cylindrical axis precise location, deviation and cylindrical radius and tolerance. This article is the use of the minimum circumscribed cylinder theoretical approach with computer drawing ways. Comparison is relatively quick and easy. The actual display of the results, which can be easily, obtained the position, skew and deviation of the spindle. This paper will be established a cylindrical outer edge quality assessment model and provided a basis for the cylindrical outer edge quality assessment. This paper for seeking the axis of cylindrical shank is based on minimum circumscribed cylindrical theory with computer drawing method and instances for verification. The computer drawing method can be determined spindle eccentric angle and the distance of deviation, to provide a reliable model for the evaluation of rotary spindle, the mode established by the paper at the same time applicable to any other rotating spindle error evaluation.
Introduction
The shafting plays a key role in the roundness of precision measurement and machining. The high-precision roundness of machining and measurement has to rely on high-precision rotary motion of the shaft system. Shafting plays a key role, not only in the traditional machine, roundness, circular division and angle measurements, but also plays in many aspects of the modern high-tech fields such as CD-ROM.
Common laboratory error separation methods, such as reverse, multi-step [1] , and multi-probe methods [2] , are used but the math is difficult and quite complicated. Industries will often use dissimilar linear three point data to identify the plane of the center position, locate another center group where the two centers of a circle connect to draw a spindle. Although convenient, it isn't feasible due to the different linear three points data plane with the vertical axis. Because of this the spindle identified will be inaccurate. The other method would be to use the minimum circumscribed theory to obtain the axis [3] [4] [5] [6] [7] . By taking advantage of the cylindrical measure of all the points, identifying the axis to calculate the minimum radius of the cylinder containing all the points, would calculate the minimum circumscribed radius. This method compared with the former ensures that the spindle is more accurate, but it must be measured using multiple formulas to find the position of the spindle.
With the use of multiple machines it is quick and quite simple to find the most accurate cylindrical axis which shows the precise rotation axis information, such as the rotation axis skew deviation. This article provides a theoretical approach in the use of the minimum circumscribed cylinder using computer drawings. Using this method, a comparison can be easily achieved which will provide information as to the position, skew and deviation of the spindle. This paper is intended to establish a cylindrical outer edge quality assessment model which will provide a basis for the cylindrical outer edge quality assessment method. This paper also seeks to establish a basis for locating the axis of a cylindrical shank used as a minimum circumscribed cylindrical theory together with computer drawing methods as a tool for verification. The computer drawing method can determine the spindle eccentric angle and the distance of deviation, providing a reliable model for the evaluation of the rotary spindle, the model established by the paper, which is at the same time applicable to any other rotating spindle error evaluation.
The minimum circumscribed cylinder (MCC)
The datum axis of a cylindrical shank is taken as the minimum circumscribed cylinder theory. First, the large amounts of stereo measurement points are mapped to the two planes and the large amount of data and calculations are simplified to improve efficiency. The equation of the axis may be estimated from the measurement results using the least squares method and the method of the revolving axis. The quality of components consisting of multiple surfaces must be evaluated under actual working conditions and must include all of the surface shapes. If the minimum circumscribed cylinder based upon the datum axis is used, the other region will result in the precise contour and quality. This method, when used for calculating numerous measurement data would need a large amount of computer counting.
The axis of the rotation axis error should contain two major errors of the offset distance and the angle of deflection. These must be detected one by one to enhance the accuracy of the rotation axis. This will compensate for the quality of the rotation axis, and therefore enhance the competitiveness of their products as the high precision rotation axis method is used by more papers. However, the calculation is complicated, and the establishment of dedicated software is not easy. It not only requires the use of the minimum circumscribed theory, but also the use of the method of least squares and rotation axis, reducing the number calculated .However, measured or large data computing is still cumbersome and lengthy. Therefore, by using the computer drawing technology presented in this paper, the theory of the axis of the rotation method would avoid any complicated math. Therefore the axis of rotation method using the computer drawing technology presented in this paper can be completed more quickly to obtain the reference axis from the reference axis data processed and avoid complicated mathematical operations. Moreover, it would provide a more rapid completion of the reference axis data processing obtaining high-precision reference axis.
Circumscribed cylinder is defined as a sequence of points ( )( )
, if the presence of the cylindrical surface H, so that to all points in the sequence of points ( )
on H of the cylindrical surface or in its interior. Circumscribed cylindrical surface H is said to be inclusive of these points ( )
Or cylindrical surface of H is a sequence of points ( )
circumscribed cylinder, with this cylinder the same symmetry axis radius than the cylindrical H large cylindrical surface are circumscribed as a sequence of points ( )
Circumscribed cylinder has an infinite number of sequence points ( )
Cylindrical shape error of assessment in which the radius of the smallest circumscribed cylinder, the focus is what is important. Then the following is the minimum circumscribed definition of the cylinder: If the cylindrical surface H circumscribed a sequence of points ( )
, and the radius of the smallest are all circumscribed cylindrical, cylindrical surface H is said to be the minimum circumscribed cylinder. It is desired that for the minimum circumscribed cylinder, first the axis must be found, and then the radius R must be sought to locate the minimum circumscribed cylinder.
The column shown in Figure 1 to the measuring points ( ) , used as the general method of the least squares being calculated to the straight line distance squared and smallest linear. The minimum zone method can also use this reference axis approximation as a minimum circumscribed cylinder axis. Using the axis of rotation method obtain the minimum rotation angle, two parallel lines must go through three control points including the feature points of measurement. Three control points selected the different regions and the different minimum angle on both sides of the left and right. The best approximation minimum circumscribed cylinder axis has the smaller angle. It can also be said that each of the left and right sides a way to find the two parallel lines of the three control points with the minimum distance and including all measurement points, by taking both distance smaller approximation minimum circumscribed cylinder axis, the center line of the two parallel lines of the three control points. First, a large number of three-dimensional measurement points are mapped to the two planes. A lot of data and calculations can be simplified to improve efficiency. Via computer drawing software, drawing the required cylindrical view can obtain the required accurate graphics data. Using this method to obtain spindle can avoid the use of complicated mathematical with a need only for the use of simple mathematics for calculations. Very convenient and practical and can derive spindle eccentric angle, offset distance and tolerance.
References [7] [8] [9] [10] [11] when chuck cylindrical, we can be taken advantage of the MCC to seek reference axis. The MCC with computer drawing new method steps are as follows: (1) 3D measurement points projection to XZ and YZ plane (2) find 3 control points for the 2 parallel lines, including all points, and the distance of 2 parallel lines is smallest (3) Do 2 parallel lines the midline in stereo is a plane (4) Each in the XZ and YZ plane a straight line, but as a plane in space, this two plane intersection line is the axis of cylinder (5) The vertical direction of this axis to draw a circle with axis endpoint for the center includes all points, and the circle radius of the smallest, the radius of the cylinder radius is the radius of the MCC, if a radius of 1 R (6) The vertical direction of this axis, axis endpoint as the center painting of the largest circle does not include any point, if a radius of 2 R (7) The tolerance is 1 2 R R R ∆ = − The flowchart of computer drawing method with MCC theory is shown in Figure 2 .
An example of MCC with computer drawing method
Cylindrical three-dimensional measurement points are projected to XZ plane. The drawing plane and view angle on the drawing changes to front plane namely the XZ plane. Two outermost points can be found connecting a straight line and these should be removed than the inner line of the straight line. This is because the inside of a straight line cannot contain an external endpoint of the line Therefore, only the outermost line to contain all points. Connecting a straight line through two points (10.0092, Similarly, the drawing plane and view angle changes to right plane namely the YZ plane. Two straight lines, including all the points on the right side, intersect at (0.1868, 9.9586, 7.4755) control point. The other control points (-0.7458, 9.9117, 9.8697) and (0.0071, 9.9920, -0.0005) become two crossing lines. There are two straight lines, including all the points which will be required to locate the minimum distance of two parallel line. First control point (0.1868, 9.9586, 7.4755) and control point (-0.7458, 9.9117, 9.8697) connect straight lines of the subject to the leftmost upper side boundary point (-0.0629, -10.0436, 7.4836), a straight line distance to 19.9982mm, the middle of the left-most the boundary point (0.4580, -10.0263, 4.9324) to the straight line distance to 20.0309mm, the lower boundary of the left-most point (0.3206, -10.0164, 2.5480) to the straight line distance to 20.0678mm. These three lines are parallel, so the line of maximum distance includes all the points; a maximum distance of 20.0678mm. The three control points are (0.3206, -10.0164, 2.5480), (0.1868, 9.9586, 7.4755) and (-0.7458, 9.9117, 9.8697). Alternatively, for control points (0.1868, 9.9586, 7.4755) and (0.0071, 9.9920, -0.0005) are connected in a straight line (-0.0629, -10.0436, 7.4836) to this straight line, the distance is 20.0020mm, (0.4580, -10.0263, 4.9324) to this straight line distance is 19.9961mm and (0.3206, -10.0164, 2.5480) to this straight line distance is 19.9968mm. These three cases are parallel, so the maximum distance to include all the points is 20.0020mm. Three control points to the upper boundary of the left-most point (-0.0629, -10.0436, 7.4836) and control points (0.1868, 9.9586, 7.4755) and (0.0071, 9.9920, -0.0005). (-0.0629, -10.0436, 7 .4836) to the right side of the straight line distance is a distance of 20.002mm. 20.0020mm can be compared with 20.0678mm. 20.0020mm <20.0678mm, whichever is taken from the small, i.e. 20.0020mm, so the three control points (-0.0629, -10.0436, 7.4836), (0.1868, 9.9586, 7.4755) and (0.0071, 9.9920, -0.0005) were chosen to include all points, as shown in Figure 5 .
The left boundary point ( Merge in Fig. 4 and Fig. 6 ; the two planes intersect a straight line, as shown in Figure 7 . This straight line is the axis of MCC. Two circles are drawn with the centers of axis to include all points on the planes of vertical axis. Drawing the largest of small circles and all points around the outside of the circle; the smallest of the greater circle and all points in the inside of the circle, the radius of the greater circle is 10.0149mm with the diameter being 20.0297mm. The radius of the smaller circle is 9.9869mm with the diameter being 19.9738mm,as shown in Figure 8 . The axis of cylinder passes through (0.0067, -0.0016, 0.0609) point and (0.0704, -0.0559, 9.9194) point and the radius of the cylinder is 10.0149mm. The cylinder axis angle between the X axis on the XZ plane is 89.6295 degrees, between the Y axis on the YZ plane is 90.3158 degrees and between the Z axis is 0.48688 degrees.
Linear equation of axis through the two points is as follows:
a, b, c, respectively, is the angle between the axis and the X, Y, Z axis and l,m,n are the direction cosines. So we obtain following equations from direction cosine. 10.0149-9.9869=0.0280(mm) (5) The deviation of cylindrical axis is z=0mm, x=0.006295221mm ,y=-0.001266259mm (6)
Conclusions
The principle of MCC has been used and practical examples with computer drawing method and step to obtain MCC data such as: position, radius, deviation, tolerance and deflection angle and so on. The computer drawing method avoids the complexity and large number of mathematical operations, and saves a lot of computing time. The computer drawing method of cylindrical axis can handle large outer edge data, not only online measurement, but simple, direct, easy to check, less error-prone, fast speed, simply mathematics, and good practicality. This paper also discusses the multiple lines intersecting and including all points of the case and the solution. Although this paper completes the research topic by Mastercam software we can also use any CAD software.
